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Abstract 
Objective:  This study examined associations between age of menarche and psychosocial outcomes in 
early adulthood, including sexual behavior, mental health, criminal behavior, and education/employment, to 
examine the possible causal role of earlier age of menarche in increasing risks of adverse outcomes. 
Method:  Data were gathered from 497 female members of a New Zealand longitudinal birth cohort.  
Outcome measures (to age 18), were: pregnancy; sexually transmitted infection (STI); DSM-IV major 
depression, anxiety disorder, alcohol dependence and conduct disorder/ASPD; self-reported crime; 
convictions; leaving school without qualifications; and unemployment.  Associations between age of 
menarche and outcome measures were then adjusted for confounding factors spanning family background, 
family functioning, and individual factors.  Additional analyses examined sexual behaviour outcomes to age 
21, and all other outcomes to age 30. 
Results:  Analyses showed that sexual behavior outcomes (pregnancy, STI) were significantly associated 
with age of menarche, even after controlling for confounding factors.  Anxiety disorder was marginally (p < 
.10) associated with age of menarche.  In addition, pregnancy during ages 18-21 years was significantly 
associated with age of menarche.  There were no significant associations between age of menarche and 
outcomes at any other age (to age 30). 
Conclusions:  The study showed that females reaching menarche at an earlier age were at increased risk of 
early pregnancy, and STI by age 18.  The present study found little evidence to suggest that age of 
menarche was related to mental health, criminal behavior, or education/employment outcomes for this 
cohort. 
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In recent decades there has been increasing interest in secular changes in development, including age of 
menarche.  Specifically, a number of studies have noted that during the 20th century, the age of menarche 
decreased significantly in a number of regions around the world, including more developed nations 1-4.  One 
result of a lowered age of menarche is the creation of a gap between biological and social maturity in some 
societies, with individuals becoming biologically adult at earlier ages, but remaining minors socially and 
legally 5.   
 It has been argued that an increasing gap between biological and social maturity may be related to 
increasing rates of psychosocial adjustment difficulties amongst those with lower age of menarche 5-7.  
Indeed, a number of studies have found evidence linking lower age of menarche to a range of psychosocial 
difficulties, including: mental health disorders 8-12; lower academic achievement 13; substance use and abuse 
12, 14-16; conduct problems 12, 17-19; and precocious sexual activity 12, 20-23.  For example, Graber and colleagues 
10 found that early-maturing women, in contrast to on-time and late-maturing women, were more likely to 
report symptoms of mental health disorders, and were more likely to have fulfilled criteria for a mental health 
disorder by age 24.  Also, Cavanagh et al 13 found that earlier puberty was associated with lower grade point 
average and higher probability of failure early in high school.  Similarly, Westling and colleagues 15, using 
longitudinal data, reported significant associations between earlier menarche and increased risks of initiation 
of alcohol and tobacco use.  Further, Lynne et al 18 found that early menarche was associated with 
aggressive and delinquent behavior amongst participants from an urban community.  Also, Johansson and 
Ritzen 23 reported that early-maturing girls were more likely to report advanced sexual experiences at an 
earlier age.  
 Although evidence suggests that earlier age of menarche may be related to adverse psychosocial 
outcomes, the existing research on the links between age of menarche and outcomes has several 
limitations.  First, a number of studies were fully retrospective in nature, calling into question the validity of 
the findings, particularly with reference to the timing of the onset of menarche 9-11, 14, 16, 18, 20, 21.  Second, a 
number of studies did not control for a wide range of potentially confounding factors in the associations 
between age of menarche and outcomes 13, 15, 16, 18, 19.  Further, a number of studies have employed small or 
selected samples 8, 15, 17, 18.  In addition, relatively few studies have examined a wide range of outcomes that 
may potentially be related to age of menarche, and even fewer studies have examined the long-term effects 
of age of menarche on outcomes.  Exceptions to these limitations are longitudinal studies by: a) Stattin and 
Magnusson 24, who found links between age of menarche and adverse substance use, education, 
employment, and criminal behavior outcomes during adolescence and early adulthood in a birth cohort of 
over 500 young women; and b) Copeland and colleagues 12, who found associations between earlier 
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menarche and substance use, self-reported criminal behavior, mental health disorders, and conduct disorder 
in early adolescence.  However, Copeland et al also found that these links had attenuated by early 
adulthood. 
 The present study addresses these issues by using data from a longitudinal cohort study that has 
studied a group of nearly 500 females from birth to adulthood.  Against this background, the general aims of 
the present study are to examine the extent to which:  
1. The timing of menarche is associated with increased risk of a range of adverse psychosocial outcomes 
ranging from adolescence to adulthood (age 30), including: sexual behavior outcomes; mental health 
disorders and substance abuse/dependence; criminal offending; and lower levels of educational 
achievement and workforce participation. 
2. The associations between the timing of menarche and adverse outcomes may be accounted for by 
childhood and adolescent background and contextual factors associated with both the timing of 
menarche and outcomes. 
 
Methods 
The data were gathered during the course of the Christchurch Health and Development Study (CHDS). As 
part of this study, an unselected birth cohort of 630 females born in the Christchurch (New Zealand) urban 
region in mid-1977 has been studied at birth, 4 months, 1 year and annually to age 16 years, and again at 
ages 18, 21, 25, and 30 years 25, 26.  Of those mothers recruited to participate in the study, 98% agreed to 
take part.  All study information was collected on the basis of signed and informed consent from study 
participants and their parents (prior to age 18).  The study has ethics approval from the Canterbury Ethics 
Committee.   
 
Age of menarche 
At each annual assessment when the cohort members were aged 11 to age 16, the cohort members’ parent 
was asked whether the cohort member had begun menstruating yet, and the age at which her first menstrual 
period had taken place.  The responses to these questions were used to create a measure of age of 
menarche, based on the age at which the child was first reported by her parent to have begun menstruating, 
which ranged from age 10 to age 15.   
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Psychosocial outcome measures 
In order to examine the links between age of menarche and adverse psychosocial outcomes in late 
adolescence, measures of a number of outcomes were chosen from the study database.  These outcomes 
were assessed for the period ages 15-18 years.  However, for the purposes of examining the longer-term 
impacts of age of menarche, the time frames for these outcomes were extended to age 21 (pregnancy) and 
to age 30 (all other outcomes; see Supplementary Outcome Measures, available online).   These measures 
included: 
 
Sexual behavior outcomes 
 Pregnancy.  At age 18, cohort members were given a series of questions related to sexual behavior, 
including being asked whether they had ever become pregnant since the previous assessment period.  
Female cohort members who indicated that they had become pregnant at any point up to and including their 
age 18 assessment were classified as having been pregnant (8.0% of the sample). 
 Sexually Transmitted Infection (STI).  As part of a health assessment, participants were asked at age 
18 whether they had ever sought medical treatment for an STI.  Cohort members who indicated that they 
had sought treatment for an STI were classified as having had an STI diagnosis by age 18 (9.8% of the 
sample). 
 
Mental health outcomes 
 Major depression.  At age 18, study participants were interviewed using components of the 
Composite International Diagnostic Interview (CIDI)27 to assess DSM-IV symptom criteria for major 
depression (MD).  Those meeting diagnostic criteria for a MD episode during the interval 15-18 years were 
classified as having had MD (32.6% of the sample). 
 Anxiety disorder.  At age 18, components of the CIDI27 were also used to assess DSM-IV symptom 
criteria for a range of anxiety disorders including GAD, specific phobia, social phobia, agoraphobia and panic 
disorders since the previous assessment.  Those meeting diagnostic criteria for one or more anxiety 
disorders were classified as having had an anxiety disorder during the period 15-18 years (38.7% of the 
sample). 
 Alcohol abuse/dependence.  At age 18 participants were questioned concerning alcohol use and 
problems related to alcohol use during each year since the previous assessment, using CIDI27 items relating 
to DSM-IV 28 alcohol abuse/dependence.  Those meeting criteria for alcohol abuse or alcohol dependence 
during the period were classified as having alcohol abuse/dependence (20.4% of the sample). 
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 Conduct/anti-social personality disorder (ASPD).  Conduct/ASPD symptoms to age 18 was assessed 
using the Self Report Delinquency Inventory (SRDI: 29).    Sample members who met diagnostic criteria for 
conduct disorder or ASPD during the assessment period were classified as having the disorder (3.4% of the 
sample). 
 
Crime/anti-social behavior outcomes  
 Self-reported property/violent offending, ages 16-18. At age 18, respondents were questioned about 
their criminal behaviors since the previous assessment using an instrument based on the Self-Report 
Delinquency Inventory SRDI: 29.  Property offenses included theft, burglary, breaking and entering, 
vandalism, fire setting, and related offenses; violent offenses included assault, fighting, use of a weapon, or 
threats of violence against a person.  Cohort members who indicated at least one offense during the period 
were classified as having committed a property/violent offense (16.9% of the sample). 
 Criminal convictions, ages 16-18.  Data on convictions to age 18 years were obtained from 
participant self-report of convictions since the previous assessment.  All participants indicating at least one 
conviction since the previous assessment were classified as having been convicted during the period 16-18 
years (2.6% of the sample). 
 
Education/employment outcomes 
 Leaving school without qualifications.  As part of the assessments from age 15 onward, sample 
members were questioned regarding their attainment of a range of secondary school and other 
qualifications.  Those cohort members who reported receiving no qualifications prior to leaving secondary 
school were classified as having left school without qualifications (16.4% of the sample). 
 Unemployment of three months’ or longer duration, ages 16-18.  Sample members who had left 
school and been unemployed for at least three months during the period from 16 to 18 years were classified 
as having been unemployed at some point during the period (19.8% of the sample). 
 
Covariate factors 
Measure of family socioeconomic status 
 Maternal age.  Recorded at birth. 
 Maternal education level.  This was measured at the time of the survey child’s birth using a three 
point scale which reflected the highest level of educational achievement attained.   
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 Family living standards (0-10 years).  This measure was based on an annual interviewer rating using 
a five-point scale ranging from “very good” to “very poor”.  These ratings were summed over the 10-year 
period and divided by 10 to give a measure of typical family living standards during this period. 
 Family socioeconomic status.  Assessed at the time of the survey child’s birth using the Elley-Irving 
30 scale of socio-economic status for New Zealand  a six level scale based on paternal or parental 
occupation, ranging from 1 = professional occupations to 6 = unskilled occupations. 
 
Measures of family stability, family functioning, and parental maladjustment 
 Changes of parents. A measure of family instability was constructed on the basis of a count of the 
number of changes of parents experienced by the child up to age 10, derived from annual assessments.   
Family adversity measure.  A measure of family problems was calculated using a count measure of 
38 different measures of family disadvantage during the period 0-15 years, including measures of 
disadvantaged parental background, poor pre-natal health practices and perinatal outcomes, and 
disadvantageous child-rearing practices 31.  
 Parental alcoholism/alcohol problems, criminal offending, and illicit drug use.  When sample 
members were aged 11 and 15, their parents were questioned about parental use of illicit drugs, their history 
of alcohol problems, and criminal offending. Cohort members whose parents reported one or more of the 
above behaviors were classified as having a parental history of illicit drug use, alcohol problems, or criminal 
offending. 
 
Child abuse exposure 
Childhood sexual abuse.  At ages 18 and 21 years sample members were questioned about their 
experience of sexual abuse during childhood (<16 years) 32 that spanned an array of abusive experiences.  
Using this information a 4-level scale was devised reflecting the most extreme form of sexual abuse reported 
by the young person at either age: no sexual abuse; non-contact abuse only; contact sexual abuse; and 
attempted/completed oral, anal, or vaginal intercourse. 
 
Individual characteristics and behavior 
 IQ.  Child cognitive ability was assessed at ages 8 and 9 using the Revised Wechsler Intelligence 
Scale for Children WISC-R: 33.  For the purposes of these analyses the observed WISC-R total IQ scores at 
age 8 and 9 were combined by averaging over the two administrations. 
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 Child behavior problems (ages 7-9; conduct and attention problems).  Information on child behavior 
problems was obtained at ages 7-9 from parental and teacher report, using a behavior questionnaire that 
combined items from the Rutter 34 and Conners 35, 36 parental and teacher questionnaires.  The parent and 
teacher reports were summed for each domain and the resulting scores averaged over the three year period 
to produce two scale score measures reflecting the extent of the child’s tendencies to conduct problems and 
attentional problems at ages 7-9.   
 Age of first sexual intercourse.  At ages 18 and 21, as part of the questioning about sexual behavior, 
cohort members were asked the age at which they first had sexual intercourse with a member of the 
opposite sex.  The responses to these questions were used to construct a scale reflecting the age at which 
individuals initiated sexual intercourse. 
 
Statistical analyses 
 The data for the present study were analyzed in several phases.  In the first phase, for the purposes 
of data display the female cohort members were divided into three groups according to age of menarche 
(age 10-11; age 12-13; age 14-15).  Then, the percentages reporting each dichotomous outcome to age 18 
were calculated for each group.  The linear association between the three-group age classification and each 
outcome was tested for significance using the Mantel-Haenszel chi-square test of linearity.  A number of 
outcomes, in addition to those described above, were also examined; the analyses employing these 
outcomes are described more thoroughly in the Supplementary Results, available online. 
 In the second phase of the analyses, the linear associations between the age of menarche 
classification score and outcomes to age 18 were modelled using logistic regression.  The modelling was 
carried out over three stages.  In the first stage, the bivariate associations between age of menarche and 
each outcome were estimated.  Tests of non-linearity were used to examine whether there were statistically 
significant non-linear trends in the data.  In the second stage, for only those outcomes for which there was a 
statistically significant (p < .05) bivariate association between age of menarche and outcome, the full set of 
potentially confounding factors noted above were entered into the model simultaneously, in order to estimate 
the association between age of menarche and outcomes, net of confounding.  In the third stage, the second 
stage models described above were extended to include the covariate factor representing age of first sexual 
intercourse, in order to test the potential mediating effects of earlier onset of intercourse.  Sobel tests of 
mediation 37 were applied to the fitted models to examine whether age of first intercourse was a significant 
mediator of the effect of age of menarche on sexual behavior outcomes when other factors had been taken 
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into account.  In all cases, tests of significance for the fitted models were given by the Wald chi-square for 
the effects of age of menarche on outcomes using logistic regression. 
 In the third phase of the analyses, the outcome measures for the periods 18-21 years, 21-25 years, 
and 25-30 years were modelled in the same manner as described above.  However, pregnancy was not 
modelled for the period 21-25 years or 25-30 years, as it was decided that pregnancy during these periods 
was not likely to constitute an adverse outcome (see Supplementary Results, available online for 
descriptions of measures and full Tables; a summary of the results of these analyses is given below). 
 
Sample size and sample attrition  
The present analyses were based on the 497 participants for whom data were available concerning age of 
menarche and each of the outcome measures.  This sample represented 78.9% of the original sample of 
630 female cohort members.   
 To examine the effects of sample losses on the representativeness of the sample, the obtained 
samples with complete data at each age, were compared with the remaining sample members on a series of 
socio-demographic measures collected at birth. This analysis suggested that there were statistically 
significant (p<.01) tendencies for the obtained samples to under-represent individuals from socially 
disadvantaged backgrounds characterized by low parental education, low socio-economic status and single 
parenthood. To address this issue, the data weighting methods described by Carlin et al. 38 were used to 
examine the possible implications of selection effects arising from the pattern of missing data. These 
analyses produced essentially the same pattern of results to those reported here, suggesting that the 
conclusions of this study were unlikely to have been influenced by selection bias.  
 
Results 
Associations between age of menarche and outcomes to age 18 
Table 1 shows the associations between age of menarche and a range of outcomes measure to age 18 
years related to: sexual behavior; mental health; crime/anti-social behavior; and education/employment.  The 
cohort was classified into three groups based on their self-reported age of menarche: ages 10-11; ages 12-
13; and ages 14-15.  The Table shows the percentage reporting each outcome for each age of menarche 
group, and shows the results of the significance test for the linear association between age of menarche and 
each outcome (see Methods).  The Table shows: 
1. Age of menarche was significantly (p < .05) associated with each of the two sexual behavior-related 
outcomes to age 18.  Cohort members who experienced menarche at earlier ages were significantly 
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more likely to have: a) reported a pregnancy by age 18; and b) sought medical advice concerning an STI 
by age 18.   
2. For mental health outcomes, age of menarche was marginally (p < .10) associated with anxiety disorder; 
those experiencing menarche at earlier ages were marginally more likely to report an anxiety disorder by 
age 18.  However, although there were trends for rates of mental health disorders to decrease as age of 
menarche increased, there was no evidence of a statistically significant association between age of 
menarche and: a) major depression; b) alcohol abuse/dependence; and c) conduct disorder/ASPD. 
3. For crime/antisocial behavior outcomes, there was no evidence to show that age of menarche was 
significantly related to either: a) self-reported violent/property offending to age 18; or b) convictions to 
age 18. 
4. For education/employment outcomes, there was no evidence to suggest that age of menarche was 
significantly associated with either: a) leaving school without qualifications; or b) reporting three months 
or more of unemployment during the period 16-18 years. 
In addition, tests of non-linearity revealed no evidence of statistically significant non-linear trends in the 
association between age of menarche and outcomes (all p values > .05).   
 
INSERT TABLE 1 HERE 
 
Associations between age of menarche and sexual behavior outcomes to age 18, after adjustment for 
confounding factors 
In the next phase of the analyses, the associations between age of menarche and each of the two sexual 
behavior outcomes (pregnancy by age 18; STI to age 18) were modelled using logistic regression (see 
Methods) in two steps.  In the first step, the bivariate associations between age of menarche and each 
outcome were modelled.  Then, each model was extended to include the set of potentially confounding 
factors, with the exception of age of first intercourse, entered simultaneously (see Methods).  These 
potentially confounding factors included several measures of: family socioeconomic background; childhood 
exposure to abuse; conduct and attention problems in childhood; parental maladaptive behavior; family 
adversity; family instability; and cognitive ability.  In the third step, the potentially mediating role of early 
intercourse was examined by extending the models to include the measure of age of first intercourse.  The 
results of these analyses are shown in Table 2, which shows the unstandardized regression coefficients, 
standard errors, and tests of significance for the: a) unadjusted models; b) models adjusted for confounding 
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factors; for each of the two sexual behavior outcomes; and c) c) models adjusted for both confounding 
factors and the mediating effects of age of first intercourse; for each of the three sexual behavior outcomes.     
 The Table shows that: 
1. Adjustment for a range of potentially confounding factors did not alter the magnitude of the associations 
between age of menarche and the two sexual behavior outcomes; after adjustment, each outcome was 
significantly (p < .05) associated with age of menarche.  These results suggest that younger age of 
menarche was associated with significantly increased risks of: pregnancy; STI, even after accounting for 
the potentially confounding effects of exposure to adverse family, social, and personal circumstances in 
childhood. 
2. Adjustment for both confounding factors and the potentially mediating factor of age of first intercourse 
reduced the magnitude of the associations between age of menarche and sexual behavior outcomes; 
after adjustment, pregnancy by age 18 was still significantly (p < .05) associated with age of menarche, 
while STI by age 18 was not significantly associated with age of menarche (p > .20).  Sobel tests of 
mediation 37 were statistically significant (p < .05) in both cases, suggesting that the associations 
between earlier menarche and increased risk of adverse sexual behavior outcomes were at least 
partially mediated by earlier onset of sexual intercourse. 
 
 
INSERT TABLE 2 HERE 
 
Supplementary analyses 
In order to examine the extent to which the above findings extended to adulthood and to further outcomes 
(See Supplementary Results, online), the analyses above were extended to the periods 18-21 years, 21-25 
years, and 25-30 years (pregnancy was limited to the period 18-21 years).  In all but one case, there was no 
evidence of a statistically significant association between age of menarche and outcome (all p values > .05).  
The lone exception to this finding was a statistically significant (p < .05) association between age of 
menarche and pregnancy during the period 18-21 years.  As in the analyses above, adjustment for 
confounding factors did not alter the magnitude of this association, and Sobel tests indicated that the links 
between age of menarche and pregnancy during the period 18-21 years was at least partially mediated by 
earlier onset of intercourse.  These findings suggested that: 
1. There were consistent links between age of menarche and pregnancy during the periods 15-18 and 18-
21 years. 
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2. The links between age of menarche and STI diagnoses; were limited to that outcome occurring prior to 
age 18.  After age 18, age of menarche was not significantly associated with STI diagnosis. 
3. The findings of no statistically significant associations between age of menarche and other outcomes 
(mental health; crime/anti-social behavior; education/employment) were consistent across the four 
assessment periods examined from ages 15 to 30 years. 
 
SEE SUPPLEMENTARY TABLE S1, AVAILABLE ONLINE 




The present study has used data gathered over a 30-year period to examine the links between age of 
menarche and psychosocial outcomes, to examine the extent to which earlier ages of menarche were 
related to increased risks of adverse psychosocial outcomes from late adolescence to adulthood.  The major 
findings and their implications are discussed below. 
 
Age of menarche and sexual behavior outcomes to age 18 
The findings of the present study suggested that earlier age of menarche was associated with increased 
risks, by age 18, of outcomes related to sexual behavior, including: pregnancy; and STI.  Female cohort 
members with an earlier age of menarche were more likely to have become pregnant, and sought treatment 
for an STI by age 18.  In addition, adjustment for a range of potentially confounding factors did not alter the 
magnitude of the associations between age of menarche and sexual behavior outcomes.   Furthermore, 
tests of mediation suggested that the links between age of menarche and adverse sexual behavior outcomes 
could be accounted for by earlier age of first intercourse.  Finally, a similar pattern of findings for pregnancy 
were also found for the period 18-21 years.  These results were consistent with the findings of a range of 
studies that have demonstrated elevated rates of adverse sexual behavior outcomes amongst those with 
earlier ages of menarche 20-23.   These results suggest that those individuals reaching menarche at an earlier 
age have a longer window of exposure to early pregnancy (to age 21) and STI (to age 18) than those 
reaching menarche at later ages.  Earlier menarche increased the risk of earlier intercourse, creating more 
opportunities for pregnancy and STI exposure. 
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Age of menarche and other outcomes, and outcomes at later time periods 
In contrast to the findings noted above, the present study found little or no evidence of a significant 
association between age of menarche and a range of outcomes in areas related to mental health, 
crime/antisocial behavior, and education/employment outcomes from age 15 to age 18.  The only exception 
to this pattern of findings was a marginal association between age of menarche and increased risks of 
anxiety disorder to age 18.  In addition, further analyses that extended the measurement of the range of 
adverse outcomes to age 30 failed to find any links between age of menarche and outcomes at any time in 
the present cohort.  In general, the findings of the present study suggest that the links between age of 
menarche and risks of adverse outcomes in late adolescence and early adulthood in the areas of mental 
health, criminal behaviour, and education/employment range from very small to nonexistent. 
 The present findings are not congruent with the findings of a number of studies that have found 
evidence of links between lower age of menarche and increased risks of mental health disorder and 
substance abuse, crime and antisocial behavior, and adverse education and employment outcomes 7-11, 13-18.  
There may be several reasons for this discrepancy.  For example, the present study used a prospective 
measure of age of menarche, whereas a number of other studies used retrospective measures 9, 10, 13, 16, 17, 
or asked participants to indicate their age of menarche relative to that of others 10, 13, 16.  A second reason is 
that, in terms of substance use and mental health outcomes, the present study employed DSM 
classifications of disorder, whereas a number of other studies used symptom counts or related measures, or 
modelled age of onset (in cases where substance use was examined) 9, 14, 15, 17, 18.  A third reason is that the 
present study used data from a longitudinal birth cohort, whereas a number of other studies used small or 
selected samples 9, 17, 18.   
 Notably, the results of the present study were also not in agreement with a retrospective longitudinal 
study of a very large Finnish cohort 11, who found elevated rates of mental health disorders, including major 
depression, amongst early maturers.  However, it could be argued that: a) the very large sample (n > 19 000 
females) employed in that study may have allowed the researchers to detect what was a relatively small 
effect; and b) the use of the BDI to assess depression in that study may have led to differing conclusions 
from the present study, as rates of depression in the present study, using the CIDI, appear to be higher.   
Also, the findings of the present study are not in agreement with those of a longitudinal study by Stattin and 
Magnusson 24, who found links between age of menarche and range of outcomes into adulthood, including 
alcohol disorders, substance use disorders, lower levels of education and lower levels of pay, and increased 
risks of criminality.  While the reason for the discrepancies is unclear, it may be possible that, in addition to 
some of the measurement issues noted above, that some of the difference in findings between the studies 
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may be due to cohort and cultural effects, with Stattin and Magnusson’s Swedish cohort being considerably 
older than the CHDS cohort.  On the other hand, the results of the present study were more closely aligned 
with those of Copeland et al 12, who found little evidence of long-term linkages between earlier menarche 
and adverse outcomes.  However, Copeland et al did find evidence linking earlier menarche to short-term 
adverse outcomes, a finding that the present study was unable to confirm due to methodological limitations. 
Irrespective of the source of these discrepancies, it is clear that further research is needed to address 
discrepancies in the findings concerning the links between age of menarche and psychosocial outcomes 
unrelated to sexual behavior.     
 The results of the present study suggest that age of menarche plays a role in determining sexual 
behavior outcomes, but is largely unrelated to longer-term outcomes in other areas, such as mental health, 
criminal behavior, and education/employment outcomes.  These results have implications for theories 
concerning the role of age of pubertal onset in influencing psychosocial outcomes 5-7.  In contrast to a 
number of assertions that have been made concerning the wide-ranging and potentially severe 
consequences of earlier menarche, the present results suggests that the consequences of earlier menarche 
may be smaller in degree and more limited in scope. 
 The present results also suggest, however, that earlier menarche is a key risk factor for earlier 
sexual involvement, and the adverse consequences that may be related to sexual activity, including early 
pregnancy and exposure to STIs.  These results in turn have clear policy and prevention implications, 
suggesting that those young women experiencing menarche at earlier ages may gain the greatest benefit 
from education and intervention strategies designed to reduce early involvement in sexual intercourse, and 
to improve knowledge of safer-sex practices 22, 23.  
 There are several limitations to the present study.  First, it should be noted that the data are based 
on self- (and parent-) reported age of menarche, outcomes, and covariate factors, and are therefore subject 
to biases inherent in self-report data, including possible recall bias arising from gaps between ages of 
assessment.  Second, it could also be argued that the associations between age of menarche and sexual 
behavior outcomes may be due to confounding factors that have not been accounted for in the present 
investigation.  Third, it should be noted that the data were obtained from a particular birth cohort in a 
particular location, and that the extent to which the findings are generalizable to other populations is unclear.  
Fourth, it should be noted that, because outcome measures were assessed from age 16, the study was 
unable to examine whether there were any links between early maturity and outcomes prior to age 15; 
therefore, the study could not examine the short-term outcomes of early menarche. 
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Table 1. Association between age of menarche and outcomes to age 18. 
 










Sexual outcomes (ages 15-18)      
Pregnant 11.0 9.0 1.7  <.05 
Reporting ≥ 1 STI 19.2 8.8 6.9  <.05 
Mental health outcomes (ages 15-18)      
Major depression (ages 15-18) 38.4 30.9 32.5  >.50 
Anxiety disorder (ages 15-18) 54.1 42.0 39.3  <.10 
Alcohol abuse/dependence (ages 15-18) 23.0 21.6 17.9  >.30 
Conduct disorder/ASPD2 (ages 15-18) 5.5 3.3 2.6  >.30 
Crime/antisocial behavior  (ages 15-18)      
Self-reported property/violent offending 15.1 17.5 16.4  >.80 
Convicted 0.0 3.1 2.8  >.30 
Education/employment outcomes (ages 15-18)      
Leaving school without qualifications 17.8 16.8 13.9  >.40 
Unemployed ≥ 3 months 20.5 20.2 19.0  >.70 
 
1 Wald chi-square test of linearity 




Table 2. Parameter estimates for the associations between age of menarche and sexual behavior outcomes; a) before adjustment; b) after adjustment for 
confounding factors; and c) after adjustment for confounding factors and mediating role of age of first intercourse. 
 
 
Before Adjustment  
After Adjustment for Confounding 
Factors  
After Adjustment for Confounding 
Factors and 
Age of First Intercourse 
Outcome B SE p1  B SE p1,2  B SE p1,3 
Pregnant by age 18 -.73 .28 <.05  -.83 .30 <.01  -.68 .32 <.05 
Sexually transmitted infection to 
age 18 
-.63 .25 <.05  -.61 .26 <.05  -.34 .29 >.20 
 
1  Wald chi-square from logistic regression 
 
2  Statistically significant (p<.05) confounding factors included: family socioeconomic status at birth; exposure to family adversity; exposure to childhood sexual 
abuse; parental illicit drug use; attention problems ages 7-9; IQ 
 




Supplementary Material: Outcomes to age 30 
In order to examine the links between age of menarche and adverse psychosocial outcomes in late 
adolescence and early adulthood, measures of a number of outcomes were chosen from the study 
database.  These measures included: 
 
Sexual behavior outcomes 
 Pregnancy to age 21 (early pregnancy).  At each assessment from age 15, cohort members were 
given a series of questions related to sexual behavior and the outcomes of sexual behavior.  As part of this 
questioning, cohort members were asked whether they had ever become pregnant since the previous 
assessment period.  Female cohort members who indicated that they had become pregnant during either 
assessment period (15-18 years or 18-21 years) were classified as having been pregnant during that 
assessment period (7.5% of the sample by age 18; 22.9% of the sample by age 21). 
 Sexually Transmitted Infection (STI).  As part of a general assessment of health, participants were 
asked at each assessment from age 18 to age 30 whether they had ever sought medical treatment for an 
STI.  Cohort members who indicated at any assessment that they had sought treatment for an STI were 
classified as having had an STI during that assessment period (9.9% of the sample during ages 15-18; 7.9% 
of the sample during ages 18-21; 4.0% of the sample during ages 21-25; and 2.1% of the sample during 
ages 25-30). 
 
Mental health outcomes 
 Major depression.  At each assessment from age 18 to age 30 years, study participants were 
interviewed on a structured mental health interview to assess mental health and psychosocial adjustment 
since the previous assessment. As part of this assessment, components of the Composite International 
Diagnostic Interview (CIDI)25 were used to assess DSM-IV symptom criteria for a range of disorders 
including major depression (MD).  Those meeting diagnostic criteria for a MD episode during any interval 
(15-18 years; 18-21 years; 21-25 years; 25-30 years) were classified as having had MD during the period 
(32.5% of the sample during ages 15-18; 30.6% of the sample during ages 18-21; 27.0% of the sample 
during ages 21-25; and 24.4% of the sample during ages 25-30). 
 Anxiety disorder.  Components of the CIDI25 were also used to assess DSM-IV symptom criteria for 
a range of anxiety disorders including GAD, specific phobia, social phobia, agoraphobia and panic disorders.  
Participants were questioned about symptoms of anxiety disorder occurring in the period following the 
previous assessment.  Those meeting diagnostic criteria for one or more anxiety disorders during any 
 21 
interval were classified as having had an anxiety disorder during that period (39.7% of the sample during 
ages 15-18; 17.9% of the sample during ages 18-21; 23.7% of the sample during ages 21-25; and 24.2% of 
the sample during ages 25-30). 
 Alcohol abuse/dependence.  At each assessment from age 15, participants were questioned 
concerning their use of alcohol during each year of the period since the previous assessment, and their 
experience of problems related to alcohol use.  This questioning was based on CIDI25 items relating to 
alcohol abuse/dependence.  On the basis of this information, cohort members were assessed on the extent 
to which they met standardized diagnostic criteria for alcohol abuse or dependence using DSM-IV 26 criteria.  
Those meeting criteria for alcohol abuse or alcohol dependence during either assessment period were 
classified as having alcohol abuse/dependence (21.0% of the sample during ages 15-18; 29.0% of the 
sample during ages 18-21; 22.2% of the sample during ages 21-25; and 9.0% of the sample during ages 25-
30). 
 Illicit drug dependence.  At each assessment from age 15, participants were questioned concerning 
their use of a range of illicit drugs, including (but not limited to) cannabis.  Those who reported using illicit 
drugs were further questioned using custom written survey items to assess DSM-IV 26symptom criteria for 
illicit drug dependence.  Those participants who met criteria for illicit drug dependence at any assessment 
were classified as having illicit drug dependence during that assessment period (3.7% of the sample during 
ages 15-18; 3.5% of the sample during ages 18-21; 4.4% of the sample during ages 21-25; and 3.4% of the 
sample during ages 25-30). 
 Nicotine dependence.  At each assessment from age 15, participants were questioned concerning 
the frequency with which they had smoked cigarettes during the month prior to the assessment. Those who 
reported smoking were further questioned using custom written survey items to assess DSM-IV 26symptom 
criteria for nicotine dependence.  Those participants who met criteria for nicotine dependence at any 
assessment were classified as having nicotine dependence during that assessment period (13.8% of the 
sample during ages 15-18; 24.7% of the sample during ages 18-21; 20.1% of the sample during ages 21-25; 
and 18.1% of the sample during ages 25-30). 
 Conduct/anti-social personality disorder (ASPD).  Conduct/ASPD symptoms were assessed at each 
assessment from age 18 using two instruments.  At age 18 the Self Report Delinquency Inventory (SRDI) 27 
was used, whereas in order to use a more age-appropriate instrument, at age 21 conduct/ASPD was 
assessed using custom-written survey items reflecting the DSM-IV criteria for ASPD.    Sample members 
who met diagnostic criteria for conduct disorder or ASPD during any assessment period were classified as 
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having the disorder during that period (3.5% of the sample during ages 15-18; 1.5% of the sample during 
ages 18-21; 0.8% of the sample during ages 21-25; and 0.2% of the sample during ages 25-30). 
 
Crime/anti-social behavior outcomes  
 Self-reported property/violent offending. At each assessment from age 18, respondents were 
questioned about their criminal behaviors since the previous assessment using an instrument based on the 
Self-Report Delinquency Inventory SRDI: 27 supplemented by additional custom-written survey items.  This 
information was used to derive count measures of the number of self-reported property and/or violent 
offenses committed in each year from age 17 to age 30. Property offenses were defined to include theft, 
burglary, breaking and entering, vandalism, fire setting, and related offenses; violent offenses included 
assault, fighting, use of a weapon, or threats of violence against a person.  Cohort members who indicated at 
least one offense during any assessment period were classified as having committed a property/violent 
offense during that period (16.9% of the sample during ages 15-18; 6.9% of the sample during ages 18-21; 
6.4% of the sample during ages 21-25; and 7.1% of the sample during ages 25-30). 
 Criminal convictions.  Data on convictions at each assessment period were obtained from participant 
self-report of convictions since the previous assessment.  All participants indicating at least one conviction 
since the previous assessment were classified as having been convicted during that period (2.5% of the 
sample during ages 15-18; 4.7% of the sample during ages 18-21; 1.5% of the sample during ages 21-25; 
and 3.4% of the sample during ages 25-30). 
 
Education/employment outcomes 
 Non-attainment of educational qualifications.  As part of the assessments from age 15 onward, 
sample members were questioned regarding their attainment of a range of secondary school qualifications 
(New Zealand School Certificate examinations or higher qualifications), trade qualifications, and tertiary 
qualifications (university degree or equivalent).  Those cohort members who reported receiving no 
qualifications in any assessment period were classified as not having attained qualifications during that 
period (16.2% of the sample during ages 15-18; 54.1% of the sample during ages 18-21; 99.2% of the 
sample during ages 21-25; and 98.5% of the sample during ages 25-30). 
 Unemployment of three months’ or longer duration.  At each assessment from age 18, sample 
members were questioned about the frequency and duration of any periods of unemployment since the 
previous assessment (or since leaving school during the age 18 assessment). This information was used to 
classify cohort members as to whether they had experienced a period of three months or longer of 
 23 
unemployment following school leaving (20.0% of the sample during ages 15-18; 45.3% of the sample during 





As noted in the Results section, in order to examine the extent to which the findings extended to both 
adulthood and to the full range of outcomes, the analyses were extended to include two further outcomes, 
nicotine dependence and illicit drug dependence during the periods 15-18 years, 18-21 years, 21-25 years, 
and 25-30 years.  In all but one case, there was no evidence of a statistically significant association between 
age of menarche and outcome (all p values > .05; see Supplementary Tables for details).  The lone 
exception to this finding was a statistically significant (p < .05) association between age of menarche and 
nicotine dependence during the period 25-30 years.  As in the analyses above, adjustment for confounding 
factors did not alter the magnitude of this association.  However, because this finding was not replicated for 
any of the earlier assessment periods (15-18 years; 18-21 years; 21-25 years), and because the effects of 
age of menarche are believed to reflect an ongoing developmental process (rather than one emerging in 




Supplementary Table S1. Association between age of menarche and outcomes to age 30. 
 










Sexual outcomes      
Pregnant (15-18 years) 11.0 9.0 1.7  <.05 
 (18-21 years) 25.7 19.5 15.0  <.05 
Reporting ≥ 1 STI  (15-18 years) 19.2 8.8 6.9  <.05 
 (18-21 years) 4.2 10.1 4.5  >.70 
 (21-25 years) 4.1 3.7 4.5  >.80 
 (25-30 years) 1.4 2.7 0.9  >.60 
Mental health outcomes      
Major depression (15-18 years) 38.4 30.9 32.5  >.50 
 (18-21 years) 33.3 29.5 31.5  >.80 
 (21-25 years) 30.1 25.8 28.1  >.80 
 (25-30 years) 22.5 23.6 27.4  >.40 
Anxiety disorder (15-18 years) 54.1 42.0 39.3  <.10 
 (18-21 years) 12.5 18.1 20.7  >.10 
 (21-25 years) 20.5 22.8 28.1  >.20 
 (25-30 years) 16.9 24.3 28.3  <.10 
Alcohol abuse/dependence (15-18 years) 23.0 21.6 17.9  >.30 
 (18-21 years) 33.7 28.9 26.5  >.20 
 (21-25 years) 13.5 24.4 22.1  >.20 
 (25-30 years) 8.5 7.9 12.4  >.20 
Conduct disorder/ASPD (15-18 years) 5.5 3.3 2.6  >.30 
 (18-21 years) 1.4 1.7 1.0  >.70 
 (21-25 years) 0.0 1.0 1.0  >.50 
 (25-30 years) 0.0 0.0 1.0  >.90 
Nicotine dependence (15-18 years) 16.4 13.1 13.8  >.60 
 (18-21 years) 34.7 22.8 23.4  >.10 
 (21-25 years) 27.4 19.8 16.4  >.10 
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 (25-30 years) 28.1 17.5 13.3  <.05 
Illicit drug dependence (15-18 years) 4.1 4.0 2.6  >.50 
 (18-21 years) 4.2 3.7 2.7  >.50 
 (21-25 years) 4.1 4.0 5.5  >60 
 (25-30 years) 2.8 3.1 4.4  >.90 
Crime/antisocial behavior      
Property/violent offending (15-18 years) 15.1 17.5 16.4  >.80 
 (18-21 years) 2.8 6.7 9.9  >.10 
 (21-25 years) 12.7 6.5 5.3  >.10 
 (25-30 years) 26.7 30.0 34.5  >.20 
Convicted (15-18 years) 0.0 3.1 2.8  >.30 
 (18-21 years) 4.2 5.1 3.7  >.70 
 (21-25 years) 0.0 1.3 2.7  >.10 
 (25-30 years) 2.8 3.1 4.4  >.50 
Education/employment outcomes      
No qualifications (15-18 years) 17.8 16.8 13.9  >.40 
 (18-21 years) 83.3 86.6 85.6  >.70 
 (21-25 years) 100.0 98.6 100.0  >.80 
 (25-30 years) 95.7 99.3 98.2  >.30 
Unemployed ≥ 3 months (15-18 years) 20.5 20.2 19.0  >.70 
 (18-21 years) 44.6 45.0 46.2  >.80 
 (21-25 years) 19.4 16.5 25.5  >.10 
 (25-30 years) 9.9 7.9 8.8  >.80 
 
1 Wald chi-square test of linearity 
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Supplementary Table S2. Association between age of menarche and covariate factors. 
 










Sociodemographic factors      




25.6    
(4.7) 
 >.80 
% mother lacked formal education 
qualifications 
50.7 49.2 52.1  >.80 




2.9      
(5.0) 
 >.50 




2.0      
(0.7) 
 >.70 
Family functioning factors      













7.6      
(6.0) 
 >.30 
% Parental history of alcohol problems 12.0 13.1 12.0  >.90 
% Parental history of criminal offending 14.7 12.5 12.0  >.80 
% Parental history of illicit drug use 27.0 25.7 29.3  >.70 
Abuse exposure      
% exposed to attempted/completed penetrative 
sexual abuse 
8.0 10.8 7.7  >.50 
Individual factors      
























Early sexual behaviour      









1 Mantel Haenszel chi-square test of linearity 
 
 
